Kipahulu Valley, located on the Island of Maui, is one of the largest 2 valleys on the southeast coast of Haleakala, draining an area of 12.7 mi (square miles). Two major streams, Palikea and Koukouai, rise in the valley, which extends into the caldera area of Haleakala Volcano to elevations above 8,000 feet.
Fresh ground water occurs beneath the valley as a thin basal lens. Ground water also occurs as perched water in saturated zones above the basal water, emerging as springs and seeps along the streams and at the shoreline.
The National Park Service, in order to accommodate increased visitor demands, has formulated plans to install visitor facilities at the Kipahulu District of Haleakala National Park. In response to a request to locate a source for an anticipated need for 20,000 gal/d (gallons per day), the U.S. Geological
Survey prepared a report on potential resources. The report recommended development of the basal-water lens underlying Kipahulu Valley (Soroos, 1979) At the time of the hydrologic reconnaissance of the area, there were four wells in Kipahulu Valley, all of which tapped the basal-water source in the valley (Soroos, 1979) « A site for an exploratory well was chosen near the western boundary of Haleakala National Park, about 2,000 feet inland ( fig. 1 ). This site was selected primarily to avoid the alluvium or weathered rock which might occur at shallow depths near the sides of the valley. In October 1980, an 8-inch diameter exploratory well was completed and pump tested (3903-03, fig. 1 ).
Purpose and Scope
The purpose of this report is to summarize the drilling, aquifer testing, and subsequent monitoring of the exploratory well. In addition, this report provides general knowledge concerning the hydrology of Kipahulu Valley.
The scope of work consisted of (1) monitoring the drilling and construction of the test well, (2) conducting and evaluating aquifer tests, (3) evaluating water quality, and (4) short-term monitoring of the water level in the well. ;7a 7 Puhiteie Pt requi n ng * -** potable water.
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SUMMARY OF DRILLING
The approximate land-surface elevation of the well site is 390 feet above mean sea level. A temporary reference elevation on the surface casing was established at 388 feet. All references to the well depth in this report are from this datum. The planned depth of the well was 30 to 40 feet below sea level.
Drilling was done by the rotary method with a tricone bit. Drilling mud (bentonite) was used to maintain circulation in the well. An 8-inch diameter pilot hole was drilled to a depth of 410 feet (22 feet below sea level), and was later reamed to 10 inches. As expected, the drilling penetrated thin-layered basaltic flows of the valley-filling Hana Group. Cuttings from the upper 350 feet of the well contained both fine-grained basalts and basaltic andesites or possibly andesites typical of the early Hana Group as described in detail by
Macdonald (Stearns and Macdonald, 1942) . These flows, predominantly aa, are characterized by very dense cores surrounded by loose, clinkery, and highly permeable interflow surfaces. An exceptionally thick, dense flow was penetrated between 45-85 feet below land surface. This is the same massive flow that is Survey No. 2 was made after the bottom of the well had been reamed to 10 inches and cleaned to a total depth of 405 feet. Survey No. 2 shows an increase in the velocity and flow of water up the well, dissipating at a higher elevation in the overlying rock. The maximum velocity, beginning at 370 feet, indicates that all water enters the well below this depth, and it is probable that the water enters the well below the dense layer at 385 feet. The flow rate, based on a diameter of 10 inches at this depth, was calculated to be 55 gal/min (gallons per minute).
The information from the flow-meter velocity curves and the driller's log and water levels, together confirm that the water-producing zone was at a probable depth of 385 to 410 feet and that the water was flowing up the well and into the permeable zones above 370 feet.
Well Completion
To finish the well, it was necessary to seal off the aquifer above 380 feet. The aquifer was sealed and grouted concurrently with the installation of the permanent casing. The bottom 35 feet of the well was backfilled with granular material, up to the approximate location of the confining bed at a depth of 375 feet. The permanent 8-inch casing was fitted with a temporary one-way valve at the bottom of the casing.
The casing was lowered to about 5 feet above the backfill. Grout, consisting of neat cement, was forced through the one-way valve below the casing into the annular space around the bottom of the casing and the casing lowered 5 feet into place. After the grout set, the valve was drilled out and the well was cleaned to a total depth of about ^10 feet. An additional flowmeter test showed no measurable flow below the casing. The analysis of step-drawdown tests allows the drawdown in a pumping well to be separated into components of (1) drawdown from turbulent losses in the well bore and (2) drawdown in the aquifer. The total drawdown in the well may be extrapolated to estimate actual drawdowns in the well at various pumping rates.
The drawdown in the aquifer can then be used to estimate the aquifer properties.
Step-drawdown Test A step-drawdown test was conducted by pumping the well at rates of 80, 180, 250, and 3^0 gal/min. Each rate was held for approximately an hour. Table 1 lists the step-drawdown data. The specific capacity of the well, listed on table 2, decreased with each increase in flow rate, indicating substantial head losses within the well bore. The data were analyzed using a least-squares approximation to fit the data to the following equation: S = AQ + BQn where:
S is the total drawdown, Q is the discharge rate, A, B, and n are regression constants, AQ is the aquifer loss term, and BQ is the wel1 term. 
Aquifer Properties
In general, aquifer properties of hydraulic conductivity and storage coefficient are difficult to determine from single-well pumping tests. No observation well was available for this test. The data from the sustained test was insufficient to calculate the aquifer storage coefficient. Soroos (1973) has shown that the estimated aquifer drawdown from the stepdrawdown analysis can be used to calculate the hydraulic conductivity using the The chemical composition of a sample of water taken from the well during the pump testing is listed in table 3.
The sample was collected after 100,000 gallons of water had been pumped from the well. The quality of the water is excellent. The concentration of dissolved-solids was 49 mg/L (milligrams per liter) and the concentration of chloride was 4.2 mg/L. The temperature of the water at the time of collection was 18.5°C. This ground-water sample had one of the lowest dissolved solids concentration collected from any Hawaiian groundwater source.
Periodic sampling during the aquifer testing showed no change in the lowchloride content of the water. The chemical data do not support any hydraulic connection of the aquifer with the ocean and based on current chemical data no potential problem with saltwater contamination is expected. The low temperature and pristine nature of the water suggests that the aquifer is recharged by rainfall at high elevations near the head of Kipahulu Valley.
HYDROLOGY OF KIPAHULU VALLEY
The quantitative hydrology of Kipahulu Valley, even on a regional scale, is not well understood. Ground water underlying the valley is probably recharged in the wetter, upper reaches of the valley, and commonly occurs as basal water; that is, as a freshwater lens floating on seawater. Presently, there are eight wells in Kipahulu Valley including the exploratory well as shown in figure 1. All wells, except the exploratory well, penetrate the low-head, basal, freshwater lens. In well 3904-03 located 3,500 feet from the shore, the measured water level was 2.4 feet above sea level. By contrast, the exploratory well (National Park Service well 3903-03), the only well located in the eastern half of the valley, has an artesian head of about 75 feet.
This well was the first indication of artesian conditions occurring in Kipahulu Valley.
An indication of differing hydrologic conditions was noted by Soroos (1979) from observations of Palikea Stream and Koukouai Gulch. Streamflow measurements during the reconnaissance study showed that Palikea Stream, on the east side of the valley, had an increase in flow of about 50 percent below an elevation of 480 feet.
However, Koukouai Gulch, on the west side of the valley, showed a negligible increase in flow through a similar reach. 
Sodium adsorption ratio (SAR) 0.9
Dissolved solids, sum of constituents mg/L 49
Water-level Fluctuations
Water entering the aquifer is confined beneath a dense impermeable layer of basalt penetrated by the test well. The water level in the well rises to balance the pressure in the aquifer.
Water-level fluctuations in the well reflect pressure changes in the aquifer, which can be shown to correlate with rainfallrunoff patterns as reflected in the streamflow in Kipahulu Valley. Figure 4 , a comparison of water levels in the test well and concurrent discharge from Pal ikea Stream, shows this correlation and indicates the area above the stream-gage location as a recharge area. The hydrograph and water-level measurements from the well are for the period from October 1980 to June 1982. Approximately one year of continuous water-level record was obtained. The well was not being pumped and no other well is known to tap the same aquifer. In general, the well hydrograph represents a cyclic decline and recovery through a very dry period. For the period, October 1980 to July 1981, the streamflow in Palikea Stream was 73 percent below the long-term mean, and the December 1980 flow, normally the wettest month, was the driest December on record. By July 1981, the water level declined 21 feet. However, by June 1982, the well had completely recovered to the October 1980 level. This low rainfall period is clearly reflected in the well hydrograph. Each peak in the well hydrograph is preceded by a corresponding peak in the stream hydrograph, with a lag time between the stream and well peaks of about 4 days. These short-term fluctuations of 5 to 10 feet in the water level may be normal for this well.
The steep decline, from late October 1980 to late January 1981 followed by a series of recession-type curves, suggests that a lower limit exists for extreme seasonal fluctuations.
An extrapolation of the hydrograph beyond July 20 indicates that the water level would have declined and stabilized at about 55 feet above sea level.
Based on the recovery of the water level during the early part of 1982, the long-term level in the well should average about 75-80 feet above sea level. Seasonal fluctuations of 10 to 20 feet may be normal.
The prominent short-term fluctuations in the well and close correlation with Palikea Stream indicate that the water level in the well is controlled by rapid recharge from the watershed above Palikea Stream. Additionally, an upper threshold to the water level may exist above which excess recharge is lost to discharge into streams and springs in the valley. The Hana Group, much of it below sea level, forms the aquifers in Kipahulu
Valley. The Hana flows were separated by intervals sufficiently long to allow erosion and weathering of the flow surfaces before they were buried by subsequent f1ows.
It is estimated by Stearns (19^2) 5) ; however, the buried features in figure 6 are, for the most part, conjectural.
Additional buried valleys and other structures certainly exist. Streamrounded gravels found in bailed cuttings after the completion of drilling indicate that at least one buried valley was encountered below 350 feet in the well.
In figure 6 , the confining structure, shown to be a thick, dense, extensive aa flow, is the most probable explanation based on the drilling log.
The bottom of the aquifer may be another dense flow or possibly the surface of a smaller buried valley.
The well did not completely penetrate the aquifer; therefore, the thickness, as well as the lateral extent of the aquifer, is unknown.
The geology depicted in figure 6 suggests an explanation for the different conditions in two apparently similar wells. 
SUMMARY
The exploratory drilling in Kipahulu Valley resulted in the discovery of a previously unknown, high-yield, artesian aquifer. Artesian aquifers, such as the one described in this report, are rare in Hawaii. The aquifer, a result of unique hydrologic conditions, is not areally extensive but should produce sufficient quantities of potable water to meet any future needs of Kipahulu Park.
The aquifer may not be subject to saltwater contamination. Recharge to the aquifer occurs at high elevations within Haleakala National Park where sources of contamination are not anticipated, and as a result the water has a very low concentration of dissolved solids.
The well yields water at 250 gal/mi n with a drawdown of less than four feet.
The static water level in the well has a normal seasonal fluctuation of 10-15 feet, depending on the rainfall in Haleakala Crater. The long-term water level should stabilize at about 75 feet above sea level. During heavy pumping or future droughts, the water level should remain at least 50 feet above sea level.
